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Short- termc l'uct'uati ons J1tter, can degrade system
performance due to a hazard of timng constraint violations. Clock jitter
introduces a paranetric yield limtation in circuit devices, because the
clock jitter affects the maxi nunBAGKGURBGIYNBt which core processors can
operate. Conventionally, a reduction in the processor frequency can be
difficult to ng@ gre accurately, in part, because insertion of neasurenent
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can intr : i bi: | clock fluctuations. [0003] To nmeasure cl ock
jitter nnggﬁgggggg%%ﬂgggon-chip test structures have been added to circuit

devi ces. -chip test st tures can include a |arge nunber of flip- flops
to capturi}}a CID(%E ’Rf’z?l"d’e;(rlgiat i pl e sanpling points along a del ay chain.
However, to accurately sanple the clock signal, a |arge nunber of sanpling
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exanple, if each elenent in the,delzg chai n has a 20-picosecond delay, the
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measurement points may also perturb the clock signal. For example, external test
probes measuring clock jitter may perturb the clock signal by introducing
capacitances, inductances, impedance mismatches, and other anomalies that can
introduce additional clock fluctuations.

[0003] To measure clock jitter more accurately, on-chip test structures have been
added to circuit devices. On-chip test structures can include a large number of flip-
flops to capture a clock value at multiple sampling points along a delay chain.
However, to accurately sample the clock signal, a large number of sampling points
and therefore a large number of flip-flops are used. The large number of flip-flops
can occupy significant area of the overall circuit. Further, accuracy associated with
such test structures is typically limited to the insertion delay of each element of the
delay chain. For example, if each element in the delay chain has a 20-picosecond
delay, the accuracy of the measurement taken between elements in the delay chain
may be limited to plus or minus 20 picoseconds. In processor circuits that operate at
frequencies in excess of a one Gigahertz, a 40-picosecond delay margin can represent
a significant amount of uncertainty in the detected clock jitter, which may be

addressed by adding an operating margin that is greater than the detected clock jitter

-1-



uncertainty margin. This operating margin limts the. frequency at which
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mul tiple inputs responsive to the delay chain. The logic circuit controls
the hierarchical nultiplexer to determne a value of the clock signal at a
selected point within the delay crBRIMMARY o adj ust the sel ected poi nt when
the value does not indicate an edge of the clock signal. [0007] In still

anot pgoospar t i cuh apaeichbladembodiment, aeidilast is disdiosed thseiclubed sending ades
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clock signal. The circuit device also includes a logic circuit and a hierarchical

multiplexer circuit with multiple inputs responsive to the delay chain. The logic

circuit controls the hierarchical multiplexer to determine a value of the clock signal at

a selected point within the delay chain and to adjust the selected point when the value

does not indicate an edge of the clock signal.

[0007] In still another particular embodiment, a method is disclosed that includes

receiving a clock signal at a delay chain of a circuit device and determining a location

of an edge of the clock signal within the delay chain to determine a clock period.

Locating the edge of the clock signal includes iteratively determining a value of the

clock signal at a selected point within the delay chain and adjusting the selected point

until the value indicates an edge of the clock signal. The method also includes

comparing the location of the edge of the clock signal with a location of an edge of a

nominal clock signal to determine a clock jitter measurement.

[0008] In yet another particular embodiment, a processor device is disclosed that

includes means for passing a clock signal along a delay chain of a circuit device and
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determ ni A .cl ock r, .all OWI ng designers to set a smaller clock jitter
margin to' ‘F‘?a%?:‘e 3& ‘ﬁ speeds for circuit devices. [0010]

Anot pgjpgpar ti cignar aﬁf&\mhmwg@ ppmerécﬂgdemwbdma&ts bh eI RKKitlet t T €r
determnation ci rcwt occupi es a smal I'er area of the overall circuit and
consunes Hessninptometiraug is powetedtin that fhietdwmk jtonjensenatiom Grouguchisvand/ or
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[0017] FI §roc359050(&e§)ﬂl@€zkre@k@c@lﬁﬂg’wﬁﬂio@ appli¢dtiond.ar illustrative enbodi ment of
a circuit device including a circuit to neasure clock jitter; [0018] FIG
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[0013] Another advantage is realized in that the clock jitter determination circuit does

not require analog circuit components.
[0014] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a graph illustrating a clock signal that includes timing uncertainty
due to jitter;

[0016] FIG. 2 is a block diagram of a particular illustrative embodiment of a circuit to
measure clock jitter;

[0017] FIG. 3 is a block diagram of a particular illustrative embodiment of a circuit
device including a circuit to measure clock jitter;

[0018] FIG. 4 is a timing diagram illustrating edge detection of a clock signal using
the circuits shown in FIGS. 2 and 3;



[0019] FIG 5 is a tinming diagramillustrating edge detection of a clock

si gnal uswoobdii1f¥er cuits shown in FIGS. 2 and 3 after agrusbecs®rishe cl ock
signal timng by a knowmn delay; [0020] FIG 6 is a flow diagram of a

par tijgenoqr il y3Gr sid MempEtiRchram Mllusthatifg BddchietbcAbn of B aloUk bigfalGlsiigk jitter;
[0021] FIG 7 is a flow diagramof a particular illustrative enbodi nent of
a method dlfe citoris slgvr indF16S. dped dnfteradiistioR thef cleckeignaliimiely enesked on a
measured clpck jitter; and [0022] FIG 8 is a block diagramof a

parti cul arde@Vi ustrative enbodi nent of a portable conmunications device
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FIG I 1S a graph 100 illustrating a clock signal 102 that includes timng

uncert ai nimeasiweagtdogkijitteey . The graph 100 includes an x-axis representing
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and {88224 det e®@dR sl avlolkickpdingrach ofiat parficularellust@8ve embodimentdf,a partablek jitter
is adistortion. in clock chll . and, phase difference accunul ated over tine,
such t hat CPW@‘@FCGERH%%QEG(IWE IAg 2 cyGWt tor measurrledgdtesr both) may be
distorted, or nmay arrive early or late relative to an expected nom nal

cl ock edge. Early rising clock edges caused bél\;itter are general ly

i ndi cated by reference nuner BETAIBKDLRESCRIPIAON a del ayed cl ock edge is

general ly indicated by reference nuneral 110. [0024] In general, the clock
si gnd002802 nay FlGcl iscegraph 1 0hillestpasingrat dledk sigrah$02 thehmcludestmang ogi cal | ow

I |t | ogi.cal, high | |, ] |y indicated by the |line 104 and
the line HBeSTHEdef boRes; dskrpb S0REDes on sas BPEsebetitind ot a
| ogi cal hi,gh reﬂr@ééﬁlin% Q 1(?gié {égllelg@volt llle€ét4.e|lt- shbﬂld%q}nhlér@fbod%ai whsgaeent

transition fromthe Togica w |eve o the logical high level is shown

at 112. Wakisenayhedchtedimesingmah ofl fcuntedeldyaueitseof absotitedima(sodkagper i od 106,
t he actual clock peri.od may vary dependi ng on e yarious ot ential edge
Lt anai 1§ oRETeSREPTARH AU WLy of vl TR o et areidqesienal 18 M ed on
the J 11t ehobmiddd clotk eridtP IR hab BRIHBRACIRY (eli0f itRGliteP Yot fuflchbial of 108
represents a worst "case clock jitter where the detéected clock period is

shorter t lhekyier sandistaitioalioclock pyrle enti phise differénte ecrwnanistedoedr teyst ens,

could result in dat ransjtion errors duye to -4 WD 2009/ 021186
PCT/ US20081¢lhat ecf%)cf(e ge 6ris{ng edge, falling edge or botl% may be glstorte , Or may

arrive early or late relative to an expected nominal clock edge. Early rising clock
edges caused by jitter are generally indicated by reference numerals 104 and 112 and
a delayed clock edge is generally indicated by reference numeral 110.

[0024] In general, the clock signal 102 may include multiple potential transitions
from a logical low level to a logical high level, as generally indicated by the line 104
and the line 110. The clock signal 102 also includes a transition from a logical high
level to a logical low level. In addition, a subsequent transition from the logical low
level to the logical high level is shown at 112. While the clock signal 102 may have a
nominal clock period 106, the actual clock period may vary depending on the various
potential edge transitions and delays associated with such transitions (i.¢., based on
the jitter). In this instance, the detected clock period with jitter 108 represents a worst
case clock jitter where the detected clock period is shorter than the nominal clock

period, which, in conventional systems, could result in data transition errors due to



clock jitter, unless the designer had built in an operating clock margin to

account f\Wp 2o®uelmsgl ock jitter. [0025] In general, the pctistoodesse bed
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el enent s, deterraingd frombfia Hmgiedpest dfehedbck signal or framt debagtealrpoetndysdif tlent , t he

del ay chai {2) éO.G can include a plurality of serially connected inverters

i ncl udi ng*loRESiENRlustrated i nverters 238, 240, 242, and 244. The clock
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plurality of serjes connected inverters of the dela hai n .i ch small er
than a noRfied and ycsonpering g glogk perigd to é&ﬁ’é@ﬁtﬁg oMt CB’éEiPSHSP‘i b a

par t1 oul kil 4840 Bo AR U bdl ihp S0 B0 Rcley! HEme Ao Nala 1 0Ck per! od
may be 1, 0 pl coseconds and eac nverter can represent approximately a
20- pi cosedelad chi#h 896. ThOAAhy dliaen 206 muludeslepiueaity 0Ddelhys elempats dizish a

hi erarchi cal nul ti pl.exer circuit, ich includes. a first tier of one or
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el ement 2@éneral, the series delay introduced by each of the plurality of series connected
inverters of the delay chain is much smaller than a nominal clock period (i.e., an
expected clock period). In a particular illustrative, non-limiting embodiment, the
nominal clock period may be 1,000 picoseconds and each inverter can represent
approximately a 20-picosecond delay.

[0027] The circuit device 200 also includes a hierarchical multiplexer circuit, which

includes a first tier of one or more multiplexer circuits, such as multiplexers 208 and
210. The hierarchical multiplexer circuit also includes a second tier multiplexer
circuit 216, which can be used to determine clock jitter by sampling a clock signal
within the delay chain 206. Additionally, the hierarchical multiplexer circuit may
include logic circuit devices, such as one or more latch elements 212 and 214. Ina
particular illustrative embodiment, the hierarchical multiplexer circuit can include
additional tiers of multiplexer circuits or logic, such as the multiplexer 222 and latch

element 224,
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i ncl udes \godgdeasighail N sel ection pointer controller 228pcyikssdasseeby ol s the
hi erarchical nultiplexers. In particular, the delay chain selection

POi N{@28F ONt I OlThe birdABdSRRI100! afsoliRGudRdl  doblyeer@iSsekRBof Péintet Goticiled cONt T Ol
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related to the clock signal at the output 246. I'n a particular
i 11 ustrat mudtipedeo@R2rerata cantrel limg236. ciheciictit A2GcerB§0 further deludesvaloge or
ot her indicat.o t he out put 246 t
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cont [6029%i gnal Tht ogih@raiétl 22¢% cah provideadaecteianed toahatleck signaitat theloatpu228.
Additionally, the I,ogii c.circuit 226 provides a.clock delay adjustnent
f eedback 3#¢nkla paticuly illngrajixe eappdmenk die lgsicajreult a4 Aay PooV1ds dBaBS The

first e SheMLLRL SR Sughelh B dBeTd bPLAKES oP O AdftugAy | N0l ude

mul tiple rnputs coup erent pornts in ain 2t86 and are

control | eddentify 4 tlecidpdrivgd ofhied RcaeéEeibtlogighianthedekgrhaial206r 1228 t o

mul tiplex values fromrespective points in the delay chain 206. For

exanpl e, PHéEcHar tiupraiverentodimen), the lagimeirayit 22§ Pegvidesiededes Apincprantar

sel ection Lt [ e Vi g t l. | ijne: . mul ti pl ex
(sanpl e) g ‘l%ggt\glaeﬁﬁze%@éegg%‘:%koéoﬁ@réﬁsd%‘léqq) té)? ﬁ%gég?r’? é\l?al%é‘ltlaﬁlgﬁ%gléﬁtté;ry el enents 238

and 240. cdhilrEb28. pAeaiconallOthedagiakieuib22amotides b eldckyelahadjdsthayit chai n
sel ection pointer controller 228 via the control line 232 to sanple the

val ue of fesdbadkptgnak?Iniglthevarzbledpek ddet dlemantday el ements 242 and 244

i t hi del hai.n 206 ..T | i 208 i h | ed val
Vo IR e s ERR i3 S PR Mish el BRARU PR P oGO M P e ™ 1
val ue to HhgtiplaifpitsaloaprRato differenk ?Qﬁﬂsjin'ﬁlib @enedtain 20PN #¢ céhiliseri al |y

connected inverters (buffers or other dela’%%f| el e_rrents{ of the delay chain
206 per f obyrghe dedayf ahat Setegtion peintes contradles Aghto mnltipkexctalueh fronpreppastivet er m ned

N L IR M MM
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(sample) the value of a clock signal at a point between delay elements 238 and 240.
The multiplexer 210 can also be controlled by the delay chain selection pointer
controller 228 via the control line 232 to sample the value of the clock signal at a
point between delay elements 242 and 244 within the delay chain 206. The
multiplexer 208 provides the sampled value to the latch element 212 and the
multiplexer 210 provides the sampled value to the latch element 214.
[0031] In general, each of the serially connected invertors (buffers or other delay
elements) of the delay chain 206 performs the function of a delay element and each
has a pre-determined nominal delay associated with data passing through the inverter.
In a particular illustrative, non-limiting embodiment, the nominal clock period may be
1,000 picoseconds and each inverter can represent approximately a 20-picosecond
delay. Using the delay chain 206 to measure clock jitter, the delay represented by

each inverter determines a granularity of the measurement (i.e., an error margin for a

given sample). For example, in a particular illustrative embodiment, a measurement
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delay. Using the delay chain 206 to neasure clock jitter, the delay

representwgzbbg/ozqeﬁ;gh inverter determines a granularity e{riReesRfiby enment
(i.e., an error nargin for a given sanple). For exanple, in a particular

11 ust rat o uRdh RPG bela o RERAHPRRNI o 10400962186 BEH 50008/ 072629

t aken between two delay elenents 1s known to an "accuracy of “approxi mately
plus or mlmmcmemaﬁmm grrorenargiarnf epprokinmelyi4a pmnfosamnds)xﬂrhat ely 40
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gr anul ari fipckflelay@0pgin ingafege ac)-prrseapedday Brhidingts the t‘ét&hmﬁ‘ié'tl%hanced to
more  pregLge k%@gﬁﬁé@é‘ﬁ:’mﬁpﬁ c%ktﬁgthhé)%ﬁo%dof tﬁr?@%?lqe %‘ ([;qa}%rroh 10 202 05

illustrative’ e si gn receive

recei ved e dahilifgbaint sttae Sutpltofahe tnverter X0utprestaw 4:59p12&4écon'ﬁt@e Tded,ay chain
sel ection p0|nter controller 228 controls the first tier of the
hi er ar chi & grary @riltrwéﬂ@rpam%wl% cdpe detemminghancan de zokangad tomore t o sanpl e

a point WI hln t In general, the multiplexers 208 and
210 i ncl uB bsegll&?er&”%{ea%%ggﬂ teftlos that are responsi ve to a plurality of

out pyeos2pf thelﬁ@baﬂlcﬁﬂaaﬂmstw@e dniodirfdnttdhdodd sip@dl rdcgivell at didtcieks of the
del ay chain 206 corresponds to a respective output of one of the delay

el ements, 1@%30%@ re¢eaved|at therdetayedhainndfraf dhescirqugaiesice 7A@ Eh@éﬂaxpml is
sanpl ed a el ct ocr%,ltgd Ejagér ﬂ&t Al {}oéhﬁa t?r? ta& o?g'ge pc%l ?Ct ed poi nt

within th sent ca el% havi ng a

nomi nal Ol'su(ﬂlxe@QHé edltplaelks mrdnadzlo%ts@mp@ta pfﬂhtwltmhqleswlegﬁ&ﬁdl zma nt may
represent an edge for a clock having a clock period that 'is greater than

t he noni nah generalethp sutenlexdrp2®d @mﬁ inclygea nbtradyy @ﬁmmnts%at@tft i on pointer
cont 1 L Sk R8RS MRS oMb LDSTER PO R BUBERLL™S, oo
that ther guiuf oF tid @&} dHan 206 @#eﬁpﬁrﬁis [ Qf’@sbé'&lvﬁ bugput 6f e dthe delay
elements, such as the illustrated invertors.
[0033] The clock signal is sampled at a selected point within the delay chain 206.
The selected point within the delay chain 206 may represent a clock edge of a clock
having a nominal or expected clock period. Alternatively, the selected point may
represent an edge for a clock having a clock period that is greater than the nominal or
expected clock period. The delay chain selection pointer controller 228 controls the
multiplexers 208.and 210 to provide the sampled data to the latch elements 212 and
214. It should be understood that there are a plurality of outputs from the first tier of
the hierarchical multiplexer circuit, which provides sampled data from the delay chain
206 to a plurality of logic elements. The sampled data from the plurality of latch
elements are provided in parallel to a second tier multiplexer of the hierarchical
multiplexer circuit, such as the second multiplexer 216. The data may be provided to
another tier of the hierarchical multiplexer circuit represented by an inverter 218 and a

buffer 220 coupled in parallel, which provide the sampled clock data to a multiplexer
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the hierarchical nultiplexer circuit, which provides sanpled data fromthe

del ay chawo 208021186 a plurality of logic elenents. The samiseshsdatoas f r om
the plurality of latch elenments are provided in parallel to a second tier

nul ti pl exep20fThé Belaptiedi@beléytion pointa cohblex 208 ¢chn Edtitiol tikuafitipRxédiE22second
mul tipl exer 216. The data may be provi ded to anot her tier of the

hi er ar chi & thergenttqdlliag @36 4 previde thejgrmpbesileck daja torp lntohelamegnt 238anthd a
buf f .ed. wh Ledy data t
mul 1 pl oxdh SR Fnh A thsopiet FoEbABL RS Reb S inghighe charn ©

sel eCth”chék@E%&'w@@Mxﬁ@hﬂtﬁé saﬁﬁnfgqmmm‘m@khetdmymnam:msexer 222 via the
control line 236 to provide the sanpled clock data to a |atch el ement 224

and {®3he | ogiThe dogiecireuit2de. mal}hmowkdg iag output $ich 2xBtd wlasethtottbel t o det er ni ne

whet her the cl ock edge t. n .Il’lt wi t hi n. the del ay
chain 2065 OIﬂIh‘g%f Cgeﬁacy nﬂ}b‘?‘”?g@ ‘H@‘”B‘r‘%vgég ‘2R Wutﬂlﬁ% ®such as data
rel ated t@lréﬁl€22§ﬁ5?bfdi‘/ﬂie@déﬂéy dHai zﬁtﬁn@p&@ustﬁeﬁﬂ mag%é/de@ag dRirput put  246.
Additionally, the logic <circuit may provide a delay chain §30| nt er

adj ust menselgd®ntpointerscongblgr 22840 adjustel saotpliog ppai nf the nodnplewdrs 868 288 t o

adjust a l'in ofth |.exe ad 20tos

di HJ er ent 33@?%%3“%1‘? Ifiﬁ%ef e PORY &'Slﬂ %Eﬁefé Eal{l2§6 pulpr itk uat%‘tvleatl ve
enbodi mn%mbBHﬁ%éﬁ@% éaaq)1ﬂaglpe£m h{lthtefaaagl%hﬁx z@b%e& 13@E§at€%¥:ldqu1eﬁ@89 a clock
period that is snaller than a nom nal “clock period, and the sanpling point

may be adjthasiseunalloy theelhewtriimy cockliptfied,and theasapipling ppiot mayiba atdjustedel ay chai n
to identi secon 0|nt that is.earljer in the delay chain than the
initial %yﬁ?al ‘5 F g pemt i ﬁﬁéﬂ E’éllch?m t%l‘fiaﬁnﬁh?%%ecﬁ’é PPBhresent an
expect ed %aﬂsaél?l‘?e elal}%hgﬁltg%ﬁ t%@%lEal?;%ﬁltt ﬁﬁ!%érﬁ?l r%%ciﬁthﬁ tRd@ga0f the

cl ock signal base on the nomn cl ock frequency In a part| cul ar
i 'l ustr at ichken @66 adiymemtsent &n expecled gistance rloug the2dbayddiaer 206ntes/eteddty t he

cl ock edge S t found. at the sanplin oint within the delay chain 206,
the | ogi éhe\é\‘?%rg ?fhe?g@kr?é%}laéi’atséﬁi Oilﬂgi@ggﬁﬁ'%& JHIMEIDo sanpl e at a

di ff poi n & i t Ihg" eat er

t han(ﬂtj eﬁ expecg%g]b% ngpgiélﬁ oéINé eg%gghrgﬁ%g@qle l@?ﬁhgir\?}g g%é%%t&?ﬂg&sanpl ed
data. |n perdodiddae washot foand atsthe garoplagkpoddgetidn thedelayr@am206t the sanpl i ng

point, the |l ogic .cj rcwt may provide a del ay hal n..poi nter, a ment 248
to conmpendBieCHQHt 2204t gl the BEwlipeppito se G ectft Freatew&@ 2@30

performt ?&Qv%g%%%ﬁéé tlﬁgﬁ:lécbg ltl‘?a)ﬁ cﬁ%{?@#&“héﬂe Egﬁ:lcﬁd' didd¥! ﬁEei S%e?@x@% 10 216,

and 222 o hi'erarc exer cir to's e adj ust ed
sanpl i ng poith valjOff36¢ se@iptied tite. Imlgarncmm tfuhd rifag clook adi@sdlti lhet ehedck edge
within t h?hedsglm% 1ng Bg{n? tﬁe logic circuit may provide a delay chain pointer adjustment 248

to compensate for a shorter clock period. The circuit device 200 can perform the

process again, by controlling the multiplexers 208, 210, 216, and 222 of the

hierarchical multiplexer circuit to sample at the adjusted sampling point.

[0036] Once the logic circuit 226 locates the clock edge within the delay chain 206,

the logic circuit 226 may adjust the variable clock delay 204 via the clock delay

adjustment feedback signal 235 to adjust the input clock signal by a known time

increment, such that the clock signal transitions in the delay chain 206 at an adjusted

time (i.e., To+AT), where T, represents the propagation/insertion delay from the

beginning of the delay chain 206 to the sampling point in the delay chain 206 before

the input clock signal is adjusted. The delay chain selection pointer controller 228

can resample the clock signal at the sampling point within the delay chain 206 to

more accurately determine the clock edge.



the logic circuit 226 may adjust the variable clock delay 204 via the clock

del ay adwoshorntisseedback signal 235 to adjust the inpecTalsemi/iosisgnal by a
known time increnment, such that the clock signal transitions in the del ay

chai no¢¥$ at arrhadhﬂgdledlock derey Clen@nt 20‘&01#63'\)pledl\t®€}fnangxﬁ of ¢y k$sndhairt he
propagation/insertion dela déé&‘)romthe begi nni ng of the deI a chain 206 to

t he sanpl |2ﬁ@ tcp@ﬁfm therreedieedcrdockysignahby 2 kogwp dmsriacrempet With higharesdsioni gnal i s
adj ust ed. n ect | on. C 2 esarrpl e

t he cl ock % ?eﬁ né%/attvﬁ h%llﬁ'glf Slﬁnall %)1 ?ththegq %aaeﬁ%og ﬁ%lagﬁ% nor e
accurat el Yhed@trﬁbl@cl[&ktdaﬁycjmcme lam}%of/’@e 409 /c0Zh 286 1d°£ffe’c¥i$é’1908/ 072629

[ 0037] The variable cl ock de agbel ement 204 is coupled to an input of the

del ay chaicnhamged erefifi¢ds eFhe vagia cﬁéﬁokéktlaofl %Kh@ﬁ]@hHIOVWS amesbhamsm ifore

i ncrement w t.h sion. lter a th cks gnal is
Focei ved 41¢ ciutaBrish 28Rl i de el rhHiss i i Bl 0Bk el ay
204, the g&g@a&@&ﬂohxpr&fesst hg paelcalar Gh@inpulObck Sighdlfc@e bé H@uMed B&\bﬁmced or
refined. Thé variable clock delay 204 thereby provides a mechanismfor the

circuit d@mr@eemml@tn&)lemtbmd@dsmlmtrmcd b:eemhcbl@yaniﬁmmtnﬁﬁtesie&yrl ng t he

cl ock ct.ion proce ticul ar e.in K 5| can be
adj ust ed gg‘”ﬁ?bg h ‘\éﬁ‘?\%’rﬁ’ﬁ) ﬁeéfhfi@ ﬁ)gégleflhéﬁd’tarféﬂﬁgﬁvﬁ G Qr#rﬁ'g‘ y each
del ay el enpny cda&cotnh%esig RY vafikil eloalgéelaf@rem%ﬁ@m &n mtfma%a%easdel ay el ement,
such as the inverter i ntroduces a ~ 20- pi cosecond del ay, the variable

cl ock del @ycoectoenédelag(mdda)nhavmmg okinaen amﬁanqnemaﬁkmo&mierdanrh(therdbd: ay havi ng
a known ti crerreqﬁ{d oqdeterm e whet her tr}l ﬁwﬁk ed 1S pushed to

the next & Ie HOSPYSIHE R HI§|PQ§}“(Y‘HQHHM e/dg Ay %? ﬂﬁgél n of error
of the cl Q&a}f%lﬁ%%rrgﬁéﬁﬁé bB@kE&’% ét!e%ueﬁ td‘blﬂ%r éurﬁis%%&%gms wWiiidyeut  having

to add additTonal sanpling poi e a delay of 5 picoseconds is
descri bed havihg shadd a:ﬂdht&)nlahsim;ﬂmg@dlmsh athe hdelayioffé picusee@mdniss may al so be

used. [0038] Thus c circuit 226, h vi di ng .t del,ay chain

poi nter adf Mﬁédi Shmz @lgﬁrsg%sﬁaé Oaheﬁf@Péﬁf@@apﬁﬁ%ayvals%h?%USP fie’ del ay chain
206 apghgay CORtyQlind taglcdcff}cax zz@f@} ;g}osﬁ hi eaagehﬁﬁssm&ea bieineBt 228 to
pI’OVIde an |terat|veajustrrent (0] er ar chi cal m.ltl | exers to sarrple

di ff erent 248j mhsambleniifferont mentayithiraiha del'Epl ehain 266 ahd wel yomeplukd delaysanpl es
of the recglved cl ock . si gnal ﬁ n e used . to find the first . clock edge

oi gnal , SGhTiRATIeqE RRIE" BRI ke Prayidian itgrativeadistraention ther der to

PCEou SR e VIR s A g ook o000

provi di ng 1tarat1vely adjusted samples of the received clock signal can be used to find the first
clock edge signal, so that the edge of the clock signal is detected in order to account
for jitter (i.e., fluctuations in the timing of the clock edge).

[0039] The logic circuit 226 can optionally refine the edge detection by providing a

clock delay adjustment feedback signal 235 to adjust the variable clock delay 204.
The logic circuit 226 can use the adjusted clock to determine more precisely the
transition of the clock signal. For example, the logic circuit 226 may adjust the
variable clock delay 204 by a first fraction of the delay period (i.e., a fraction of a
delay introduced by each delay element of the delay chain 206). The logic circuit 226
may then re-sample the adjusted clock to detect the edge of the clock. If the detected
edge of the clock signal still has an uncertainty in the measurement that exceeds a
threshold uncertainty, the logic circuit may adjust the variable clock delay 204 by a
second fraction that is smaller than the first fraction. The logic circuit 226 can

iteratively adjust the variable clock delay 204 until an edge of the clock is determined

to a desired level of precision.



cl ock del ay adjustment feedback signal 235 to adjust the variable clock

del ay 204y0 206v02113gi C circuit 226 can use the adjusted etoais2io8otgber m ne
nore precisely the transition of the clock signal. For exanple, the logic

Ci rcypgdop26 mapuib4dshst itBRtiod aht RIpicEcifutRodeh povidtntdutput Rupst fraction of
the delay period (I.e., a fraction of a del ay introduced by each del ay

el enent ofindi¢eéing éhad hecddat of thea)jock Fignal wes detedtedioia desed lewehoft hen re- sanpl e

the adjusted.clock to f th edeteted edge
of “the or SEEtrgdie rarener s oA CoriBeiney end fiseibatd PartEhia: o
exceeds acofthd 8RRl iddiens) 4 Sople¥t detdefed! MsbkGefibl Gided dmaNe alduaﬁaert. he variabl e
clock delay 204 by a second fraction that is smaller than the first

fraction. Tﬁhehdrtﬁgi detentedealpek R2®dowvay indicetcatwaret aasadiodspendie Addifieialle cl ock

del 204 t d f th | k de d | | f
br ect si on <yt iefiBE g 20s sietpeprOEs B RSB oS DRGNS B | ast .

iterati Ona tuglteai*r ﬁcfd)fra(il%ﬁera%% KRR oPtPXd 68 a301t98H dYU ciiR, Fopdi cating that
t he edge o the clocK signal was detected’to a desired | evel of precision.

I n a part iegarhple, 4nl ddaptiveatdliage embivelueeey conttoéclragi may be provided2itcam provi de
control gnal indicatjng.a shortest detected clock period based on the

ol ock ji ¢ Pz ie detsrise Efosk PRECLRAISET Slokk Feaveauy ey VpliEc V€ & wior st case

cl ock peri, Ith O 6itige RIS EnctUGBour E‘ﬁ R LN Lo

perform us@?u@gﬁn%tﬁ%&ncguchga ad) Estd@)é%/{rd%quencgc oé} erating

cl ock or mnmayahigreist alh)wa)ketsagmg@ircmttn bectunéd foEdrnpro&xdip@if@rmaace,@dwptl ve

vol tage and .frequenc circuit may be provided that can wutilize the

nt r ol
detected EFHRES B"e?'l}y “ﬁ’é“aé{‘:?j?‘lﬁ%“ire%f cl ock frequency or a voltage. Such
ad] .uig ﬂt s togf %ﬁ&%ﬁq”ﬂ’h@]ﬁd YOhi OGP atfie HEE Bet OF IH{llgiélequ gg%’[@ett?eccur at e

tim d my reby allTow a resulting circuit to for inproved
per f or maneeultiglexdes 20&ad D@3 within e hicachicaahuldplekresirait.cap 6941] I n general,

it should be understood that the first tier of multip Iexel@i t he
mul ti pl ex&FB %Bteahlamgfoalurmﬂtym IARICXATE PAYIRH RRRPXIFAALY BY @Fmbﬁs efit can

be inplen | ely
equal nunb a‘;jrll fali ﬁdﬁﬁ%y@éﬁg% hr aF ng%paégpggﬁant
points w hfpiaﬁlchm:‘ 11detratyveodriﬂbdaina&ﬁ by wtilizingayproxithasly edldaUﬁmmbérs "33

enbodi nment, by utilizing approxi mately equal nunbers of i nputs for each

mul ti pl ex&puss for ﬁ%chfmvlgpleﬁ:recrf tbﬁ frpstfien qﬁr@séaplgxera, mqlaa}ythmgbﬁl% she first
L1, o, PN £, P G818 2 3 piglgrcec. 1 @
and si xt eembodiment, the multiplexers may be eight-to-one multlplexers and sixteen
multiplexers may be used to sdmple 128 points within the delay chain 206. In another
particular embodiment, a larger number of multiplexers may be used to sample more
points in the delay chain. Additionally, it should be understood that, while only a
single second tier multiplexer 216 is shown, the second tier of multiplexers may
include one or more multiplexer components. In a particular illustrative embodiment,
the hierarchical multiplexer circuit may include multiple tiers of multiplexers.
[0042] In general, depending on the particular implementation, the sampling point
signal arrival time may be initially selected to be greater than, equal to, or smaller
than a nominal clock period. A sampling point within the delay chain 206 may be
selected based on the expected sampling point signal arrive time. Based on a received
clock signal, other sampling points may be iteratively selected (either earlier or later
within the delay chain 206) until a desired portion of the received clock signal is
detected at the particular sampling point. In a particular illustrative embodiment, the

desired portion of the received clock signal may be a rising edge of the clock signal.
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mul ti pl exers may be used to sanple 128 points within the delay chain 206.
I n anot hewo Wwéwd2i ¢l ar enbodi nent, a | arger nunber of mpcirhb@sRrIH290Yy be
used to sanple nore points in the delay chain. Additionally, it should be

under st 00 hitAker paktidufir dNisitative ShitiReRethe ddsitddeortiot b1 th eoegive@ ocks shown,
the second tier of multriplexers may i ncl ude one or more nulti pl exer

conmponent signglmay lpm falleng edgei In stelt armthev@aembmllmmnve erplzoditnentathehi cal
mul ti pl exer C|rc ude nultl | e tiers of ers, 100421 In
Gener al ¢ GREHAPH P T8 Ok e fy e abfioat tn T BRSNS por ni
signal ar Eﬂﬂ@legarﬁﬁlﬁ?pmmrﬂap%l@édwceeérﬁl%eeaipﬁlgb WRItWbLRE dvel Parfionequal to,
or smaller than a nom nal ock period. A sanpling point wthin the delay
chai n 206 ofithg chek s@llabcfcnrsnamabﬁedn@nhecrrceseeﬂpmmrﬂtesaﬁpﬁ: may bpdnemmmegnal

arrive t| S ecei.ved clock. sign er s |ng poi nts may
be. | 1 or at DB PICEIEBoRAT {8 denEs: TosteT G g Re oS R e 2y chal n
206) unti leg ?egg@%ﬁ%d 6196?&05011%1@1 Crl@&eglé/@aql cl ock si gnal |s detected at
the particular sanpli point. In a particular illustrative enbodi nent, the

desi (@#3porti omn mparttlloelar Blostratect ecibodkmaitghatiremtddyecez? 00irsaynbe wsetdéo of t he
clock signal. -10 W) 2009/021186 ngg USZSQ8/ 072629 . I.n another particul ar
i || ust r at PAASEREIQK BilRk N TEIREV QWS rﬁ‘b‘F ¢l bre prticlacddpsfeive| ock  si gnal

ey be a fakbiitnEd0finirhiindckloe AR AT be RRHh A S que%aa&hm enbodi ment

the desired porti’on o S|ga may eve ortion. In this

parti cul aillustratienaebodimmerht thplcercmadm}lcmy)q:nay\beSuMyo lnaclusleck variatieher m ne a
pul se wi dt h f the. | eyve of the C|OKSI nal , r exanple. In

ei ther cad®l® %IVEIUBERO;/‘P{CPE@@ Irﬁl@eﬁﬁﬁ%é‘ Yt OVbeé@é OPh TEWFat i on of

the desi rﬁqllpe(?irtt)'cgﬁ've?{ InQE‘su fc\ﬂ 82% [ug%lgg]f% Optdgn, respective

desired portion of a no mna n a partlcul ar

1T ugse04a| i ve embiditioneldy, wﬁll&ehedlrsmssfoncbéw@ez rRdQatey Higatehedl t 0 neasure
clock jitter inrelative units of circuit delay. articul ar
bl

i |1 ust r at Ayangcanbel maliiplexarsiphiamming| %QOWIM b@etd@m@wed. I'n
anot her palt Efev%ﬁfemd g'dﬂﬁf%r%ﬁttdl%ﬁu%{?ﬁ’ %1hatt?:§.¥%§fu%é'a ‘f)'legtglf:?oo may be

used to trac OCkV rratrons 1I1nr at1 ve uni CII’CU ay r at her

than in ugldck sighalt iFoR exdlapleve mul@geerd208 4kl 210trhdy Bedplacedwitiart a
measured cj rcwt delay to tinme units via a calibration. [0044]1
Addi t i onapsingle rmhﬂpl@wrﬁevmgsac@gabe@ @f §iputs) t@t correspeng 49 the mmbice phsaEmile al

arrangerreggmips{] {{Mbttﬁeoéle? 51?&11{%6 sanpling the clock signal, it should be

under st oo here re many different circuit configurations that may
be useglisi o sanmRleteriiigto EKRGKa syswmaBoo Eaho@x @l litludeb @ cirshit dptiex®2s 208 and

210 maybe Trhg %{rgﬁte gev\;\get3rb2amcludes a clock circuit 306, a clock control circuit 312, a loglc
circuit 310, a clock jitter test circuit 304, a power control circuit 314, a power circuit
316 and other circuit elements 308. The clock circuit 306 is responsive to the clock
control circuit 312 and can provide an output (such as a clock signal) to the other
circuit elements 308. The clock jitter tester circuit 304 may be coupled to the output
of the clock circuit 306 to test the clock signal to determine a clock period. The clock
jitter tester circuit 304 provides an output to logic circuit 310, which can determine
whether the clock period of the clock signal from the clock circuit 306 matches an
expected value. When the clock edge is not detected or if the clock edge is not
received at an expected time, the logic circuit 310 may adjust a sampling point within
the clock jitter test circuit 304 to measure the clock period that includes clock jitter.

[0046] Once the logic circuit 310 detects the measured clock period, the logic circuit

310 may adjust the clock control circuit 312 to control the clock circuit 306. The

logic circuit 310 may provide a first output to the clock control circuit 312 and a
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single multiplexer having a nunber of inputs that correspond to the nunber
of sanple points within the delay chain 206. [00451 Referring to FIG 3, a
syst em 3000i2009%00m8 that includes a circuit device 302. pcThis2e8/0T2624 devi ce
302 includes a clock circuit 306, a clock control circuit 312, a logic

circuit 3ésondoaipacto the bbwer doagbdl dicuitdild. 304 pasicplanembediniengthedogicui t 314,
a power circuit 316 and other circuit elenments 308, The clock circuit 306
i s responsirewt 319 prawides e adjusimantsignag for haiclock contel @ireuih 3 b goatrobiie out put

(such as ggp cl ock
jitter teg(%%ggpPgé@?ag%ﬂggﬁ lgugéngﬁ%ﬁ%ko%ghédou? EEn%Q%ﬁdlp ock circuit
306 to tegktettde ccRpkricd gt eif@nﬁﬁgﬁ[dﬂldikﬁc jiteg ke kirqer medurchivat taek jitter
tester circuit 304 provides an output to logic circuit 310, which can

det er m ne powhetdnép! ¢irmitcd1dcwhishcrpusethe dptected elork 9¢@¢fhqurrr@ﬁpn fee| ock

circuit 3 mat ches. ted al ue. ge I s not detected
or 1t no s BBk 205G 310 wBRG: EEov i dfinel BiReholerifS AT R he ogi c
circuit 335&1@@% ARis#StvenTRARhEM AP Vg civdulitB 10 mdyh@oeldeeifoirhdtior t est
circuit 304 to neasure the clock period that incl'udes clock jitter. 10046]

Once t he Irdefed tacihe elsick pgnod d:ethepoweltmtrn’eamtéd%wbwh megruseduch he | ogi c

t dj ust .the cl ock t 312 to control the clock
Ci rui 1 30HOmTHEn 1 sytEe! SRR E SHaG LG o 60 PALSES POPT SRR ¢ he cf ook
control  Cigofhlithay8praPflied to othdr M@u&%@&ﬁ&@ﬂ(ﬁ%@wiﬁ%&@?@t@ﬁ%&ﬂ%@@ second

output to the power control circuit 314. In a particular enbodi ment, the

| ogi ¢ ci syaém-oBdBchpp (MPApdevage. adj ust nent signal to the clock cont r ol

ci rcuyj 12 to, contr.ol clockc rcwt 06. The. logi.c circuit 310 may
o solbbai ae Thi bpieh b Rt Speanars i ot wekice ot ot e

per T or m ngrdig il Pkribd Ffbd 1AL nfehdrtd HoNEASIIAGRIY pdir LBftroIRBLE CONt T O
circuit 314, which can use the detected c perlo Information from the
| ogi c ci r Bldt TBd fower qonovl deud 3dénan wde ssaclgnﬁd)rmmonhbr pameple b adust 316. | n
a particular jillustrative enbggk q tﬁglc CIFCUIL 310 y provi de

i nf or mat i aﬂwerrfewélaf‘é&lrewt EiReegts etativeis BOBEIRATTE i3I8 rouit 314,
whi ch MY chiig pfik addtiHaBi Ao R & crommr RuRBIOT (gGhE ElbL cifdfh and an
adj ust ed pome or ot er control signa e provi to other circuit

el enents 308 omahyncomhmsym thmwﬁ(umhn@oa nosmmmproardehdmtlbﬁﬂ@)owdew ce.
[00471 In a part culax églustrat I|n1t|ng enbodi ment, the logic
circuit 3iQt ﬁf‘rﬁ\’ﬂlta Forﬂoé?nrtr‘é YB"rﬂqu%F efkgBtefhe measured cl ock period

Lo udppuer caakighe & FIRH o pitibn oF S RERGOBERLigRAI Y sk, can use

such rmation exanple
The clock signal 400 is at a loglc level h1gh at 402 and transitions to a logic level low

beginning at 406. The clock signal 400 is shown on a grid that illustrates a plurality
of sampling points taken between delay elements, which represent a delay such as
delay 404. The transition point 406 of the clock signal 400 occurs within a window
between sampling points as indicated at 408. Since the transition 406 occurs between
sampling points, as shown, the precision of the sampled transition point is known
within a margin that is defined by the sampling window 408.

[0049] Referring to FIG. 5, the clock signal may be delayed using a variable delay
element, such as the variable clock delay 204 in FIG. 2, to provide a delayed version
of the clock signal 500. In particular, the variable delay element may insert a known
time offset to the clock signal at the input of the delay chain. The delayed clock
signal 500 may be delayed by a time increment (time offset) that is known precisely.
As shown in FIG. 5, the delayed clock signal 500 is a delayed version of the clock
signal 400 (in FIG. 4) that has been delayed by a time increment (AT) indicated at

506, such that the transition point from the logic level high 502 to the logic level low
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power to other circuit elenments 308. Alternatively, the power contro

circuit 3¥é00mhdeprovi de additional power to the cloclpcganbdoglorsmy cuit
312, to the clock circuit 306, or any conbination thereof (connection not

shown) toqpiR\Yefige@eidtl sighal S0p@EUTrs at PpdiiesoR, Ahkchtor@tidnd3@Pa t 0 potential Iy
reduce the clock™jitter. 00481 Referring to FIG 4, a portion of a

r epr esent aamplengopoontid 19 dy-insetng & presisowme offshe thel trankitiongh e dodk ¢dgeat a

| ogic | evel. hi at ,402 and transitions,to adogic |evel | begi nni ng at
408, The. EPBCROSFaHAF dasomined S ErEecgrea eRranl S ite By a° i ural ity
of sanpl i REnRAtsHfShd B CHART WS asARE a;ylaf LEARNDE in m.qp nliSRoBReRisea del ay
such as delay 404. Thée transition point 406 of the clock signal 400 occurs

within a walowow between sanpling points as indicated at 408. Since the

transjtion 406 _occurs t ween anpl.in oi nts, as.sho t he .preci sion of

the U8 et r BRETTEI oI ot & Mo IRGAC UG oK RIS SOt eRler | ned by

the sanpl | Ib@k}{ﬂh@ﬁ@ﬂ\étﬂa%ﬁhrghgﬁ’ﬂgdof@ﬁé @i]'i-cfditr&vk% if Ff6. Dis ilsrabPCtysi gnal may
8 using a abl

be del aye vari elay elenment, such as the variable clock
del ay 204 niethddlifcludes receipnguictiek aighel @ yeattlayenhsinaif a cafcuit device,as khaimgnal  500.

to [he of BbR%i i e RSB PO En g Gyeoh dPHCe T RIS ARod ock
ot oot sel'y SRl el PUBEHRIRK IR (G1GE BERPLhaeh, TFe BLIBR SIS ' Sl ayed

ver si on ofinddes carapling the gloak sl o aReletted pdint tvithin thadelbpelminealt 806d by a
time increnent (QT) indicated at = 50 such that the transition point from

6,
the | ogi c 2NegErTHnig assdug of thheloplpgiepal jabihgiseleigd pemt\apsboyiaigdb: 4
PC1/ US2008/ - -he I i gnal : 50 - . at ..a. naint 508,
whi ch cor? g%%ﬁ%iﬂpgagﬁgaﬁgﬁ#ﬁ%a%b@ﬁS&E%%agﬁélP%§%??@%55§ng§ggF@gétine
of fset, tldelaychais] Thegamplidgwistmokinthie regredent a S8 lmg\poire widiiethe ned wi th
a greater degree of accuracy than the delay elenents of the delay chain
(such as dpley gbdinyhermd fesrod ppriopiofan pxpastegmonind clagk stgnabshosld b 0050]

chock |1 ¢ Eapel,ThEdeRoBLARR B 66 Alikk O fhBFa BRG0P ORRIRL™ 11 1O

i |1 ustrat edtheTisck siggiah o 4 pefi¢idas]ligealy tnBodinhy tle Mo@Rahdicdtedatdel ay chain
of a circuit device, as shown at 602. In a particular illustrative

enbodi men©04 erd6Q4 mayibe corabined Heanothes pardisular embedimeyyie thervalusrof théhi ch sends
(he ol ook Bt R AVBLTAA I e FRFRTR L Sogoe™ 0
interpolating, or otherwise processing the value of the clock signal sampled at 604.
[0051] Proceeding to 608, the value of the clock signal at the sampling point is then
compared to determine whether the value of the clock signal represents a desired
portion (e.g., a rising edge, a falling edge, a level portion). If the value of the clock
signal indicates that the desired portion is detected, then the method proceeds to block
612. If the clock value indicates that the desired portion is not detected, then the
method proceeds to block 610 where a new sampling point is selected within the
delay chain. The method returns to 602 and processing continues. If, initially, the
value of the clock signal indicates that a desired portion is not detected, as shown at
610, subsequent processing occurs at different sampling points within the delay chain
until the desired portion of the clock signal is finally detected at 608. Then, the
method continues to 612.
[0052] Once the sampled value indicates that the desired portion has been detected,

the sampled value is then compared to a desired level of precision at decision step

612. If the desired level of precision is not accomplished, then the method proceeds
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and determ ning a value of the clock signal at the selected point, as shown

at 606. Iwo Wog@igecul ar illustrative enbodi nent, the S@b@ﬂtg@@bsmzaib is a
sanpling point within the delay chain. The sarrpl ing point may initially

represent t@stsGP4 WhereARd EbcMnpli i deRged Bieh RoWwh &b mleﬂhemim dgsiafed portion
of an expected nom nal clock signal Should be detected he desired

portion rmlye Heckanputgh dejaystigey tha khewh timg isetgmentdAT), themsthodoetuisrto of t he
cl ock si gn% ér% Rﬁrt' cular illustrative enbodi nent, the bl ocks indicated
at 604 angPéd ?f:@‘ & RBH5T'A%d. 1 n another particul ar embodi nent, the

val ugogd3|t he  oIRGKhe LBEREd@ is UBRrARkLE &f £8eshOd MveN&prE&siHL L 6N, nggl by
cal culating, scaling, intefpolating, or otherw se processing the val ue of

the cl ocknmtlgzdadongmﬂqsltedlélvvaMJlt[dD(o’&r](pﬁl@d:b@chengde‘r@rlﬁmsd (itche val ue of the
cl ock signal at  .the .poi pt is hen. . .c red.to deternjne, whet her
Che var us Mpsi Dot Be pRarCT bt labSedes SR GBS chath dmarparel 4 e 11 i ng
edge, a f?{h{gl WR%nfdd&em@nt @Wg' I@Qd&ﬁ&ﬂ}lger%léthééﬂgro‘é@idé% @i WB@rth@El'éckS' gnal

i ndicates that the desired portion iIs ecte he met hod proceeds to
bl ock 61Z%ittet f§ deteemmied bhsedainuediffotncabawethihe mdasurde siteredogkgrariodrand s not

detected, then th met. hod_pr oc s to block 610 where a new s | i ng poi nt
s sol oct adoFRAClck msnmﬁeT%meﬁag ﬁnéﬁ%éZﬁéﬁﬁdéwgﬁmlﬂ% Resiognd Ahtg
processin Lk i I nal

Pl ot oo RAMcE B8 Ren e et cldchlneod bitPupe i) Block BEE BAE ok 10
subsequentdetermmes.sThgs, dreauethocataxdpfbheleéaﬂl Sdaammm]gtqmlo@kspemod hlmd‘lat he del ay
chain untj] ther?gesued portion of the clock signal is final]y . detected at

608. Then diffgencepb thealptectrsitivn slock gemadfromporpmngl fleck neaiod sosledinaal e

i ndi cat es portion has been detected, the sanpled value is
t hen corrpélrnglaér{érm?e gg%ﬁegg | evel of precision at deC| sion step 612. If the

desi 1@054] evel dhe ploek ipsticdisi detemdined bassdin destion bhemeddeafnid ¢lock pr oceeds
13 V\D 2009/ 021186 PCTI US20081072629 to step 614 where the clock input is
del ayed byigaakaiewalestedpoingef afelpy cliaar) In %&iﬂtt@m, theedock|nsERd isgptarminedge| ayed

by the kn ) fofor
further p(rg%%l sescﬁﬁ:gthﬂfgg@g%% o{ ﬁi’p"gﬂ gﬁ Loqygséérﬁérgﬁ g?%tﬁéegggd@g Edesired

I evel of pferidelagrvhaitto tHesaniphag pﬂﬁ‘ﬂt mrpt@etiurayeﬁampba@a&oﬂ\/e@mea jitter

cl ock period has been det er m ned measur ed) based on the position of

cl ock edgéemﬁlﬁd\ TOREA $ECHIE NOH Wit m&letﬁ@@wh@m thﬁéndlkﬁ%ﬁheteﬂwﬁt erenent
(AT o A, PR 9S BEAGE RGBSl Ml T, 15,
and known based on the delays introduced by elements within the delay chain 206, and

the error margin may be reduced by shifting a time at which a clock signal is received

at the delay chain by a known time increment, such as by use of a high precision

variable clock delay element 204 as shown in FIG. 2. In addition, to increase

precision, the known time increment of the variable delay element can be a fraction of

the delay time of one of the invertors within the delay chain. In addition, after the

jitter clock period and a difference between the jitter clock period and a nominal clock

period have been determined, the resulting information may be used to control a

frequency of an operating clock or may be used to control voltage of the operating

clock or of other circuit components.

[0055] For the clock jitter determination, the initial sampling point can be a point in a
delay chain that represents a propagation/insertion delay that is greater than a nominal
clock period, where the nominal clock period is based on an expected frequency of

the clock signal. In this example, the adjustment of the selection point includes

sampling the clock signal at the selected point in the delay chain, and iteratively
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a nom nal clock period. The method ends at 620 after the jitter clock

peri od angolie09idsf €r ence between the jitter clock peripegaghsiohsoom nal
cl ock period have been determ ned. Thus, the nmethod can provide both a

det ect ed jahfu%ﬁr‘ig ﬁk@@l%ct@&béiﬁﬂtoﬁﬂﬁl @ne&jéef JreREN6Ek Qénél?ﬂ@déi@étééﬁtlﬁq jitter clock
period froma nomnal clock period toidentify a~ jitter error neasurenent.

[ 00541 Theadicokkilpstratos dnsbodenentmd gt basednitallylstients 4 poinoin thddage of t he
clock sigpal at.a selected point .0 del hain. . | ddi tion, the clock
per od 1+ i diiaaesda su BRetrerclack meripd sk AR ploek sl

propagat i QpfeLiagSht I $HcYa %JcQﬁH %&ﬁt Resd M{& RBain @hd HAerARLEY vahabp to the

sanpling point wmthi'n the delay chain) based on a value determned froma
speci fi c plod clockdigrul at thhecadal pyint.hHithe tlbelt edgeds nattfesnd, e ledgeadpistst he ¢l ock
signal. Further, an error margin associated with the detection of clock
edge is KifoWMPHAS SIS thA&caleAhaifsaga rﬁw&ctéasqisﬁtecr BOFRHS & PRI AYIHIR he del ay
chain 206 . | L Le at which
a cl ock si’t}gl;naqlayi iﬁﬁe@gl\%ﬂg@gg ét}hée%é%ﬁggg[sﬁg?ﬁ%@ydaag%%%?}a%h?lgr enent ,

such as bypyulseedpt ofl the dbckyigl based on ey nahinel dodkeieqliehay aed amvhnt 204 as
shown in FIG 2. In addition, to increase precision, the known tine

i ncrement selectedh poipheandys) iterapichyadipsiereiqteatish poiatsan timectoifey the transiionde| ay
time of o 0 i0 it hinet Y, i ln addition, after the
jitter cl §§§e |$ofet§1|9g@%é@%ﬁ?ﬁ%&%ﬁ%&”@ﬁ? gﬁ{et% (‘tl%ei(atjielqlictt&e)g' cl ock period and a
nomi n@dse}! ock Regsrtifg tdENE 7DREMmotRY dulirfee cribdim&s Ui feth@diofif or mat i on may
be used to control a frequency of an operating clock or may be used to
control veéPriEQjEngan eprsatietienk ofg citcuy brsegrongt debedied: jittdr meagsuremehpdnent s.

[ 0055] For, t he ock.ji,tter determ nation,. the initial .sappling, point can
be a_poi nen el e FREh RS HoBR et s Pk e R 3TREE Pron el ay
that is gredterat AR 16&{111%1@& edge! STelc 166K Sfhnal WhRLthe Glap@ARIAAS Cl ock
period is based on an expected frequency of = the clock signal. In this

exanpl e, tdaermuicasionkmeriod of the chaskesigniabat PA. ntodahng theedge etthpiclosly t he cl ock

signal at the selected point, ip the | chain, .and iteratively. -14 WO
2005 02118t BT uESTaRb s AsR sighasitaiieRanuts slBEehE Rt SR ) an
edge of tReckleasKisIbGRA. THR MRh&Ffeler inbludes R R lobatloasdftiad | ve _
enbodiment, a logic circuit initially selects a pornt in the delay chain
that is grdgt efthe hlank signaxpedowtion bbak expecicd ddgmef a ndminhlecledkognabtiye i s not
detected, the |oqi elects a nd ,poi nt...in the scan.chai n and determ nes
a val ue oidet%frﬁg‘e%lci_ JgfeéP@Pe’(f?sﬁ&ré‘“ﬁ@B’ﬂ)‘ﬁQ}lll%P%PPer?tfngc(H‘éc % edge is not
found, theptQghgvAtigdDF the circuit device based on the clock jitter value, at 708. The

method terminates at 710.

[0057] In a particular illustrative embodiment, the selected point for purposes of the
measurement is a point within the delay chain that is greater than the sampling point
associated with a nominal clock period. Once the clock period accommodating for
the jitter measurement is determined, the voltage or frequency of the operating clock
signal may be adjusted as described. In a particular embodiment, the frequency of the
operating clock may be reduced when the clock jitter exceeds a pre-determined
threshold value. In addition, the voltage of the operating clock may be increased
when the clock jitter exceeds the pre-determined threshold. Thus, the frequency and
voltage of the operating clock may be adjusted based on the measured clock jitter of
the operating clock signal.

[0058] In addition, the disclosed system and method provide a means for determining
a shortest clock period when a selected point from a delay chain indicates an edge of

the clock signal and for determining a jitter value based on a difference between the
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the sanpling point in the scan chain again. Thus, the selected point is a
poi nt wi tyoreooddreisdel ay chain that is related to an expectras2eisarmnee
travel ed along the delay chain by the edge of the clock signal based on

t he noni nghoredsoellsck p@itidend y, noatishl TUER pefiod ebl @dithmi the digiosbé systamat i vel y
adjusted to earlier points intine to find the transition edge of the

cl ock si gipsavides megage fortconiselting the fragenqys thervolipess It At erpbipafion ihersef
Referring to FIG .7, .inanother illustrative e iLpen of

contr ol | R uRPTIG P PR OF e e et Sy SR8 sREMP s of RS, 01 e
nmeasur enemfgr ddfustifh BseletRe paBit RodlosicdiktdR Ssuck atheéilfglc dir6hip810 si gnal at a
delay chain of a Circuit gevi ce, at 702, and locating an edge of the clock

si gnal wi tlhistrattHen BE6.ady chain to determne a clock period of the clock

i t 704. L ti Ih d f.th | K.. si | i.ncl ud | i
ol SoRbasoial ain B AR e L AR L S i R Bt SRt ST eice
I s | ocat edircti®00BIA 304 iilstBRHE iﬂPPG%!@%d@?Hﬁ?rﬂeQﬁliEé@dﬁrﬁfgaéi on of the edge

of the clock signal to a location of an expeCted edge of "a nom nal clock
si gnal t omajefastumingerecesd tockrtjcircuiedewiedsunto dfferzoihinabased oneitestddi ng an

operating clock or an operatin ol.tage of . .the circui.t device based on the

olock |1t PEFOTENGS, Pofoxpimle, sait dRigro ot Bifigetics Blghdgciderss of 56971 I n a

parti cul angidylgist fifkichee saﬁeai ﬁﬁ&&c&ec} E‘l%cl?ﬁérﬁfdt\? @Ré%dfa%nﬁﬂarbms of the
thint e a

measurenent 1s a point w e ay chain t I's greater than the
sanpl i ng peiiod thabssoedsat thrbshelt ki fferemeimay) becdootelt ferarse adlow@n perfornance ock
period accomopdating for the jitter neasurenent i s determ ned, {he voltage
or frequeREUIbFeVifss éﬂ@ﬂ&@i"lﬁ’:}g’ ncb dgvicss rgwé@e Frigprid ogdiestsaved Goewig | bed.

In a partioﬁqlll@ﬁm%ﬁbodi ment, the frequency of the operating clock nay be
reduced when the clock jitter exceeds a pre-deternmined threshold value. In
addi 18] t he \Aalditagellpfwiikeahe prrathicd nolloglsxdrayrchie of ARG . alastrateshen t he
clock jitter exceeds the pre-determ ned threshold. Thus, the freguency and
vol t age oPnbH¥odpwsinef Herarahaak myHiploxsT seippRicats, Mres@dnys PHEPIsEdIFed ¢l ock

vol tage ¢ HgreChiliip o SR Gred o o
Lyst m and Hanaat o PRIAL Ao R RE e AE AP er PR ALC Der o

when a sele&t eAlddigomillyf tthemumbéﬁéﬁ%sﬁmimmlii%lék&@%eﬁemaﬁdgey dependidpe cl ock
signal and for determning a jitter value based on a difference between the
-15 WO 2009/topnurgEr pEmErensiny eebte dspise obatcuricyc b ddeianally.ahera nomi nal

ol Pl b 0o SR B AR
the required degree of accuracy and the cost (both in terms of financial costs and
circuit area usage costs). Additionally, embodiments of the clock jitter determination
circuit can be used to determine a clock jitter value to a high degree of accuracy, by
adjusting a variable clock delay element, such as the variable clock delay 204 in FIG.
2, until the transition point of the clock edge is detected to a desired degree of
accuracy. By determining the clock jitter to such a level of accuracy, circuit designers
can provide for a smaller clock jitter margin to enhance operating clock speeds for
circuit devices.

[0061] Additionally, since the clock jitter detection circuit uses multiplexers to
selectively sample the delay chain, the detection circuit can occupy a relatively small
area of the overall circuit without reducing the number of potential sampling points.
While conventional jitter detection circuits include separate latch circuits for each
sampling point, the multiplexers allow measurements from selected sampling points

to be latched rather than latching measurements for each sampling point, thereby

reducing the number of latch circuits used to measure clock jitter and reducing the

-16 -



of an operating clock based on the neasured jitter value. An exanple of the

nmeans f orwedoowsdhiyg t he sel ected point is a |ogic circupCr/iseas/ a2 he
logic circuit 310 illustrated in FIG 3. [0059] In a particular

i |1 ustrat icuguieae®didiab ttakedubh ReksurdrhdrRd. K@ter,Ghé ElULK ytté’ttﬁ:fbrﬁhilaﬁbﬂ circuits
200 and 304 illustrated in FIGS. 2 and 3, may be utilized during a

manuf act urcireet gandeseused toadjet & voltagairtfreqeenayes dparagingickacls ferthe mrmt based on
a tested rforrrance For circuit device hat | a high

i nci dence °bfOrjEnPiSk Cucb‘é@%ﬁn}bar?cggffﬁqm‘é% Gf?@ts%%ﬂlso&f( BRYE tfaéﬁ‘f g}?k peri od
Wth ji tt%[ocﬁ.nl@teladé@&mlﬂg}{ nclock period that exceeds a threshold difference
may be sorted for use in | ower performance circuit devices. Alternatively,
such [8@62] ces miny cdrguncatino vdtcthe mrciasdevmgeednetheqheardl sryqeme desdnbediar cui t .

0060] Addjt]| |1 while the h t t. of, FIG 2
i[ | | us% r at gbckiﬁt%,m%qur%qupgc& mh?é?'rdﬁgl ﬁap%%g&f%g#%‘i%bﬂ&%@s one or

more mul t '“H{he&(ll%t&lngi:c?élécl? H?ﬁ{a[l BEsddtdne Hete@ioRdit! d&k‘ﬂr&f valhd 4% a?t‘idu‘i’a?

enbodi nent exer tiers are use ddi tion y, the nunber
of first Isamphrrg,:;bamqolﬁedéferdmv betweemay expacteddependichyk sgmat :mei aunber of

sanpling points and the deg of a racy. Additi.onall er delay
el ements AEFFIVSE C E&Cgél&‘lﬁlama}ﬁé%ge@@ﬁ&é‘fb ggﬂg}et ectianaln B‘?‘TlS &' dependi ng

of | Uhe r elafe HRIARA! 1RSHEERK ARVt @Fé%%rﬁ%ﬁh,gg%’lh@of efcRidhl,

fi nanci al cost S circurt area us tronally,

of the cl edich by B¢ ushdite bdjustaiowen to @clbcklgéne@aar deuitswdjst pevartai ne a cl ock
jitter value to a high degree of accurac adj usting a varlable cl ock
del ay el eﬁﬁwmr@%ﬁera@ntﬁ H@ alferrq feAueney %@Kle a’é’Pla§1g2@i401i #ypombmnasion nt j | t he

transi (1 omynglnt Bk Hiasloo 08 degdBlepbagy bpug s, Aagres of

accuracy erm ning ter O Suc aCcuracy,

circuit de@i@mﬂg§or£ﬁmu@’ﬁgb@€ﬂfew10cﬂt§g’fﬁl|Bll’a ro@Har illLdteivear gi n t o enhance
operating clock speeds for circuit devices. [0061] Additionally, since the

clock j it eewodareasithodestrd poitiones g ﬂ@ﬂhﬁl@aéx@wetlwel pattier of theicdjockanpl e t he
del ay Chal ltl’iga 1cu{ s%r'a{lv ér}lboc I@ﬁl%cglg%_b&errrﬁé O% Xe‘?%r%uﬁ%&l)m area of

the over ali®"&} r€4i¥¥ UC|ng e’ nu sahpl i ng

poi nts. \éh’mwelo@pe&'@@tlmrwdcwddgé@brs&@t@ﬁﬁm@al&lm&%fts i ncl ude separate
latch circuits for each sanpling gm nt, the multiplexers allow

measufdnt s frﬁqiditmalém\éldlesmww ofithe peintnles deseriied theymehsgementhigr t han

R R o R RN e TS

particular embodiment, time may be represented in terms of absolute time (e.g.,
seconds, microseconds, nanoseconds, picoseconds, etc.). In another particular
illustrative embodiment, time may be represented in terms of relative units of circuit
delay. In still another particular illustrative embodiment, time may be indicated using
another unit of measure. In yet another particular illustrative embodiment, time may
be a calculated value that is based on one or more of the absolute time, the relative
time, and another unit of measure.

[0064] FIG. 8 illustrates an exemplary, non-limiting embodiment of a portable
communication device that is generally designated 800. The portable
communications device 800 includes an on-chip system 822 that includes a processor,
such as a digital signal processor 810 having a clock jitter determination circuit 811
(as described with respect to FIGS. 2-3 and 6-7). FIG. 8 also shows a display
controller 826 that may be coupled to the digital signal processor 810 and to a display
828. Moreover, an input device 830 is coupled to the digital signal processor 810.
Additionally, a memory 832 is coupled to the digital signal processor 810. A
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WO 2009/ 021186 PCT/ US2008/ 072629 circuit area used to take such

nmeasur eneypsoodridifseer . the clock jitter determ nation ecraishioseass2de used
to adjust a voltage or frequency an operating clock for the circuit or for

anot her cCicpgdddecdRr EOOBEES 89@'&5@51@@8&601@%@1 16 QRS EILUE sForfaf fror@EF g lpased on
the clock jitter determnation. [O In conjunction wth the circuit

devi ces, resitelts 856@n@99henmph@t@s&&&d@&di¢ caupled tmdheﬁQDEG 8ddasurenment circuit

ilize o) as I ock. peri od W a received cl ock
si gngﬁmﬁlsed o%lgt}h%n]g Ctafeéﬁ B ‘%ﬁf‘ﬁ%@.CP’é‘a&\fﬁé% g%ccﬂg)ﬁ{al eth%r  sanpling
point. A @Eéltfaﬁﬁgﬁ%?r&%&éﬁ?gﬂo & PRELIeS ARFHRRKD. Ci@&ﬁarﬁbﬂﬁ‘ﬁ" and a

recei ved clock al may be determ ned based on the detection. In a
parti cul aembbdimest, raqiowcesmﬂm%%mbupl’edhm e bhehgnostema§22. ddoeseat il jitter

val ue of the cloc nal be used . .toq adjust power to a clock
gener at or ad’iaFtk?HfaF “‘E’B‘% E%VYBB ga%FI Shihe ‘E?pﬁ%g{g éhee‘q%‘l‘ﬁ‘%“c?o alter a
frequency ¢q 6S oul d be
understoo '{) ?ﬁ% %i(&?gsifrhggﬁlﬁlgpﬁé%%fﬁlt%@%g%cggg?%n %Hathebpto“sep ri sing
edge or astmly Bijaedgenedl té the onldhiksystegndl2. H@wavqﬁﬁe’abhmﬂoapledlté astrative

enbodi nent, the desired portion of the clock signal may be |evel portion of
t he cl ock CO@P@W of thg enrehin systerb$22.1 | ustrati ve enbodi ment, clock jitter

b
e B Nl P R e T e A
descri bed 81 henayBesiéemanbdStor Rlock §ittaBodn dpemngtch&ktaﬁﬂ Maytier®ed toas used

herein, is a relative unit of neasurenent. In a particular enbodi nent,
time may ﬁ@nqrr@ﬁaléss%w@lqc‘fh PPWETSITEHIt POXY] CQREUIARtIAR, Plea fequengyebits,

T sy RPN Sy LSRR EI L Bk s AORIPREBRHUF AL 1

of circui tmaydRhayd to ¢hhahde! dveRMIQichREmBietlof it Firtablel déﬁ{rﬁ@hcat@nﬁaae@k nent,
tinme may be indicated using another unit of measure. In yet another

parti cul a0 Immm@tlarvéle@&mdsdmed@terrmnmomspult@é1anayalr@d,ucatuéfdr value that is
based on o t he absol e relative nd anot her
ot of B omPioR G ok Aed Rt CothesBL skt adsB Blosk Soneial FERRYT: R
embodi Menf(seh adtHRdARRoBtro CORIH IS #lhistBtcd Y FRE. HNGby c%nﬁenl%gfy Wwithifesi gnat ed
800. The portable communications device 800 includés an on- chlg system 822
t hat incl m@el@saf%p@,dcmwse thesmro,ctesas speedi (ge+ rdusing whick pittecmergnr 0810 havi ng a
cl ock jlttel’ det

t bed .h t FI GS.
ok 6B Syerialyd e arrdshntch aR i ed), B afi AR Oodatink HETPRS, be
coupl ed t gQiobhigy the@pbting LBBRIIEHIYAE $&Rite A&, BdxhRpR),db 38fusdpower

consumption, or any combination thereof.

[0067] It should be understood that while the clock jitter determination circuit 811 is
shown within the digital signal processor 810, the clock jitter determination circuit
811 may be provided in other components, including the display controller 826, the
wireless controller 840, the CODEC 834, or any other component that performs
operations that may be effected by clock jitter.

[0068] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
configurations, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware

or software depends upon the particular application and design constraints imposed on
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828. Moreover, an input device 830 is coupled to the digital signal

processorwéjzgomzmgi tionally, a nmenory 832 is coupled tgcg)i@ @h)gi, 34 signal
processor 810. A -17 WD 2009/021186 PCTI US2008/ 072629 co er% ecoder

(CODEC) 8 labJ,,§tg : it dle S - 810. A
speaker 8%%%%% m??c?p lgér?gdrg%ggggkh@g cou%ﬁgéﬁ%%ﬂ%hg&{é%%%%ﬁg%% 100651
FI G 8 al saryimdivgatfesedchphrt@ular applRaton bot sueh limplefdfitatian dbasionuupl ed to the
digital signal processor 810 and to, a wireless antenna 842. In a particular
enbodi mensiouwd pehisrinisrppird agamsing adsppiag o thescens: ihepeyat em 822.

Mor eover , 'gglo lﬁ,eparti cul ar enbodinent, as illustrated in FIG 8, the

di spl ay 89 , Phe i nput device 830, the speaker 836, the m crophone 838,
the y0069| ess amhesRps S&@metnod ot BigofitiedescAbdbinycobdettion evitxher nal to the
on-chip system 822. However, each is coupled to a conponent of the on-chip
syst em 822mbpdigwsls disslesed Aereincmpnbe embedied dirgoily 1o hrdivars i a seffwearg| ock

jitter determnation circuit 811.nmay bhe used nikor.clock jitter of an
bper at | ng OB HECHEY & Bibctuat o7 i HymEntiS o Re B dIh 6Bl el | °Ci Feult
power CoNngiiyRédi@Nin FRAMBmEMEHL BB mEmoA) ROM Sicthdr) IPROM freh@Bed on the

detected jifter. The clock jitter determnation circuit 811 may be used to

enhance oEERANM npendrys BEMRE@Mbmemory, pegisters) kard diskumicomveblagliskey CB2  800. I n
-particular,.the clock j.itter determ.natjion circui 11 ma roduce jitter
"R or mat | BOYHSReoy b o ke eiFe e D) ko Bt Sack REIBEsURSk
control  Cife@Hint {ScoupBHehaDrddessos k%&h%ﬂ%&%’cgs%f &t rbaBihforhdatibs foaf, ed i n

FIG 3), or by control logic within the , to increase the processor
speed (i . end wrigslinéormgtion o khe storage mediugi. indlie alernasive pthe stoespd meslivth| ow f or
enhanced perfor.mance), to adjust_an operati clock (i.e., slowng the
oporat | ng oY GRMER It PRgEsaE E proru 4ol dre UTRkR e BBENET *power
consunpt i g,y RKI@NYHERSRE ARl rofdd e @AfputihY BEViLe bt a SRPHAhiRE Hiler st ood
that while z%nhe clock | ?ﬁer&éetlerlm nat ipéln1 gi rclu?t %311 S 1shown wi thin the
di gi tal shhbgrabtiye; thegsemssod 204 tHehseoregeomkdipmirhaeyr redige @s diso@td @mponemtsi t 811

may be provi ded ir}}g?q;her cognf;ponent , including the display controller 826,
the wirelbdEOTRBHINSCVIE OB HEFT tETHEN C 834, or any other conponent that

erf oper g,i : f . Those of
okt | 0], GPEL bk BrEvicha kRl Bf B WREISE) DHbGHAR il bioSleca lOPRRI |
bl ocks, can§ pguomskilbeisin tioatutemakecomse ithesdiscordd @hpodinidnes. SWajpmisdescri bed in

connecti on ith the enbodi nents di scl osed herein nax be i ppl.enented as
el ect roni glqﬁigq%@p%tp these embodiments will be readily apparent to those skilled in the art,

and the generic principles defined herein may be applied to other embodiments
without departing from the spirit or scope of the disclosure. Thus, the present
disclosure is not intended to be limited to the embodiments shown herein but is to be
accorded the widest scope possible consistent with the principles and novel features as

defined by the following claims.
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conputer software, or conbinations of both. To clearly illustrate this

i nterchangeability of hardware and software, various illustrative
conponents, bl ocks, configurations, nodules, circuits, and steps have been
descri bed above generally in ternms of their functionality. Wether such
functionality is inplenmented as hardware or software depends upon the
particul ar application and design constraints inposed on -18 WO

2009/ 021186 PCTI US2008/:072629 the overall system Skilled artisans may

i npl enent the described functional ig¢iyAimS varyi ng ways for each particul ar
application, but such inplenentation decisions should not be interpreted as
causing a departure fromthe scope of the present disclosure. [00691 The
steps of a PeRhRdnQf ch@RIHgt hm described in connection with the

enbodi ments di scl osed herein may be enbodied directly in hardware, in a

sof t war e nﬁdﬂk@g@xémhwémabya@¢éﬂ@b@3§6ﬁ9“@ﬁt¢ﬂﬂﬁ;conbination of the two. A
software nodule na si.de in r f : ry, PROM
menory, EP%%WW%&PF EE ﬁ%ﬁén%{lfome%met%@rthﬁg‘pg%?g w&q@g@mvabl e

di sk, a CD- ROM sa@iplainvalitdderesgondsnocf vatteasf aigeclookdighal kiopguheidelaylckaiay t . An
exenplary storage nediumis coupled to the processor such that the
processor can red i nformation from and wite information to, the storage
medium In the alternatijve,. r ' ¢

processor e DesBLEREI Bt et LR o Rh T valTBoRE BB MelPRAPE 11
ASI C may reside i Besireé pomiohionthedtockignal; amd user terminal. In the
alternative, the processor and the storage nediun1n?y resid s di.screte
conponent s apMyiag 8 ¥amahls djaxievheeogs signabat a €% 474aY. el§ae 6QUPIHE O Wb us
description of t LSG! enbodi nents is provided to enable any person
skilled in the a&ﬁh?gagéggﬁgr use the disclosed enbodi nents. Various

nodi fications to these enbodinents will be readily apparent to those

odi {1 cati ons 0 il be readily
appli ed 1o ot nbF mihg P FEhyd. AR ERefs RLREDRIGE - PRRE R T Bl o o

t he di gglinsedge; anihUsvel pbeioplEERMockdighel. osure is not intended to be limted
to the enbodi nents shown herein but is to be accorded the w dest scope
possi bl e consistent with the principles and novel features as defined by

the foll ow ngTat Aletlod of Rl AfuMBer comprising determining a clock period when the

latched sampled value indicates detection of the desired portion of the clock signal.

4. The method of claim 3, further comprising:

determining an error margin associated with the detection of the desired portion of the
clock signal; and

shifting a time at which the clock signal is received at the delay chain by a known time

increment when the error margin is greater than an error threshold.

5. The method of claim 4, wherein the delay chain comprises a plurality of delay
elements, wherein each delay element introduces a delay time, and wherein the known time

increment comprises a fraction of the delay time.

6. The method of claim 3, further comprising determining a jitter value based on a

difference between the determined clock period and a nominal clock period.
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1. A nethod conprising: receiving a clock signal at a delay chain of a
circuit device; latching a sanpled value at a selected point of the delay
chain, wherein the latched sanpled value corresponds to a value of the
clock signal along the delay chain; and adjusting the selected point when
t he | atched sanpl ed val ue does not indicate detection of a desired portion
of the clock signal; and applying a variable delay to the clock signal at a
cl ock delay el enment coupled to an input of the delay chain. 2. The nethod

of claim 1, ywhae aidhdde cRes i3l REthpordnpPRingebPré iesa Gaquenty af an giermgingdge, a
falling edge, and a |evel portion of the clock signal. 3. The net hod of
claim J.C,IOCK%MGH@P teoptpek RAri9d- det ermi ning a cl ock period when the | atched
sanpl ed val ue indicates detection of the desired portion of the clock
signal. 4. The method of claim3, further conprising: determ ning e?n error
mar gi n assodi dthecnetliadofichem defusder exmpstingsentEling adolnsetl 8 oBfratingerlok| ock
si gnal ; arad stBi f&)i nger%dti me at which the clock signal is received at the
del ay ctﬁ%ﬁ PYC & T’J‘n WW“tinme increment when the error margin i s greater
than an error threshold. 5. The nmethod of claim4, wherein the delay chain

conprises a plurali.t f delay, elepents, wherei. I
introduces & JE‘F é‘ﬁftli‘farﬂg ,Claérﬁd ’ \%ﬂg&eg‘i tﬁgﬁeedtﬁgrpé’\}m '?'gﬁgg?r}nn% %S%Hn?‘kt%gﬁ%h ses a
fracti qp gpfdeldyendialtea i§ jreker Ban 4 heminel feidd of a €lodk haBprokldes therclazkBighalsi ng

determning ajitter value based on a difference between the deter% ned
cl ock pedivddreamatijesting epmarises degRmprtingdbe selyted potmién Hstdslsy chain &0 identity 2

further_ conprising.controlli - A operating clock based on
the cl o€® éPF@H?ggfa Wé”H%Fﬁ§898$5§ﬁ§ﬁﬂ§%?%%ugﬁﬁér conprising controlling
a voltage of an operating clock based on the clock period. 9. The nethod
of claiml1, ein the selecgted,point initially conprises an initial point
in the deIangﬁéFﬁﬁwﬁgfﬁfg”Bﬁe§¥@ FENE 8 homi nal period of a clock that
provi des thegli@ak asé@nakamplamdaivbsf @ blodidhivedl angseomPpoisgandlecr enent i ng
the selected point in the delay chain to identify a second point that is

earlier in tapsdeg thy setead poinheher the seaand pamplebyatie dopy notrindicasdrigetiaofcl ai m
1, further conpr e ergi%é of the clock signal.

11. The method of claim 1, wherein the selected point initially comprises a point in the
delay chain that is less than an expected period of a clock that provides the clock signal, and
wherein adjusting comprises incrementing the selected point in the delay chain by selecting a

different sampling point in the delay chain that is later in the delay chain than the initial point.

12. The method of claim 1, wherein the selected point comprises a point within the delay
chain that is related to an expected distance traveled by the clock signal along the delay chain

based on a nominal clock frequency.

13. The method of claim 1, further comprising:
latching multiple sampled values at multiple selected points of the delay chain, wherein
each latched sampled value corresponds to a value of the clock signal along the

delay chain.

14. A circuit device, comprising:
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provi ding a second sanpl ed value of the clock signal at a second point; and
adj usting the second point when the second sanpl ed val ue does not indicate
detection of the edge of the clock signal. 11. The nethod of claim1,
wherein the selected point initially conprises a point in the delay chain
that is | ess than an expected period of a clock that provides the clock
signal, and wherein adjusting conprises increnenting the selected point in
the delay chain by selecting a different sanpling point in the delay chain
that is |ate@rdefad chdif C%Fﬁyngbélu'ﬁalR%@Neﬂeﬂﬂ:lérﬂér{té,iﬂe R0dyBhainkésponlee fBf hod of
claim1l1, wherein the sel ected point conprises a point within the del ay
chain that is reFletlesiged; an expected di stance travel ed by the clock signal

al ong the dehﬁ¥?ﬁ@?h3%ﬁgﬁsed on m@&g& al clock frequency. 13. The net hod

of claim1, % FEY YT ACCRI g nul tipl e sanpl ed val ues at

mul ti pl e sel ect ed fpgitisi mubipldxbecidtli@ynfidiadd o rededrel valucadthe ¢ladkcsigtal sanpl ed
val ue corresponds to a value of the clock signal along the delay chain.

14. A circuit device, sdensrpaintigtwezn the delayplenagnts andde Rpvids gmples vahugl ity
of del ay el enents, th8fﬁ§kﬁ¥k§@ﬁ&“ responsive to a clock signal; a

hi erarchi cal multiplexer circurt including: a first tier multiplexer
circuit confi guredatttocirritebrigiaed @l reeivafthé feenpi¢dekuesdfghatioak signal asd ct ed
poi nt between the del ay i de a sanp|ed value of the

e|l enents and to pro
clock signal; a IatchPEWF%@H§°@6HFF@Uﬁé@RF6¥ﬂ@é@¥$éﬁmﬁ' sanmpl ed val ue of
t he cl ock si ; I : %nﬁﬂaééﬂP I
signal; a |Sgggé8?@@%%@p§gﬁgﬁgﬂﬁ¥%“¢%ﬂ h|e#arch#@gﬁMﬁﬁ%ﬁﬁ%&%ﬁ&ﬁxﬁyggﬁ?t and
configured to cohterathitdhenultiplexeacuiictaladpust the pdletat patntrvehentthd latchelj ust t he

sel ected point when the |atched . sanpl ed val ue does not indicate an edge of
t he clock_signal?mﬁmﬁyédE?_%?”waavggﬁéﬁéﬁimﬁgth Slg'?j;]?é%‘i‘ginput of the
del ay chai n ate@cRRBlaY efméRf é@?leg tﬂl%e ﬁéumthé &Iﬁ?ﬁéh@mp%g?fy varidBle ddB¢F! reui t

device of claim 14, "wherein th rchi cal ltiple circult conprises

a plurality of nthetdlgskexgank, wherein each of the plurality of nultiplexers
includes nmultiple inputs coupled to different points in the delay chain.
16. The circuit device of claim15, wherein each of the plurality of

mul ti pl exer 95i ibé cidest device of claim 14, wherein the hierarchical multiplexer circuit comprises

a plurality of multiplexers, wherein each of the plurality of multiplexers includes multiple inputs

coupled to different points in the delay chain.

16. The circuit device of claim 15, wherein each of the plurality of multiplexers includes

an equal number of inputs.

17. The circuit device of claim 15, wherein the hierarchical multiplexer circuit further
comprises at least one second multiplexer including multiple inputs responsive to a respective

output of each of the plurality of multiplexers.
[8. The circuit device of claim 14, wherein the hierarchical multiplexer circuit includes a
second tier multiplexer circuit configured to receive the latched sampled value of the clock

signal.

19. The circuit device of claim 14, wherein the hierarchical multiplexer circuit

comprises:
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an equal nunber of inputs. 17. The circuit device of claim15, wherein the
hi erarchical multiplexer circuit further conprises at |east one second

mul ti pl exer including nultiple inputs responsive to a respective output of
each of the plurality of nultiplexers. 18. The circuit device of claim 14,
wherein the hierarchical nmultiplexer circuit includes a second tier

mul tiplexer circuit configured to receive the |atched sanpl ed val ue of the
clock signal. 19. The circuit device of claim 14, wherein the hierarchical
mul ti pl exer adirst@uirslity o6mpitipbexsts, &2h anultipleter pf the dirsttpyuratity i ruitjplecessr s, each
mul tiplexer of the first pluyralit f nul ti pl .exer i ncl] udi | n ual
nunber of i nput s"CBURIEA %Bﬁﬁuﬂﬁégﬁﬂp‘ﬁﬁ?wgﬁdﬁgﬁf%ﬂ? H@‘“Efe‘i‘"g]c'}“ ﬂ?r@ﬂdﬁf each
mul ti pl exer of the;:fi | i i I i ion
Mput - and at 1 eamt S e R R HE g R 3ot
i nputs coupl ed t mpur,@spective outputs of the first plurality of

mul tiplexers, the at |east one secP?d nultip,e er hncludin& % sel ection

i nput r espoA&FYL PGSR MYliplexgy ingly Wgéﬁﬂxﬁgﬁlﬁa“ya INBUEFAYPIEG pr ovi de t he
l'at ched sanpl e Yﬁ%H&ﬁW@b@b@Qp?Qwﬁﬂﬁéﬁﬁmﬁ9%?%uﬁﬁﬂ&&n@ﬂw%@%aﬂQﬂE@Mmﬁ@a!”_tO
the logic circuit. 20. The circuit device-of claimi4, further conprising a
cl ock del ay el enswitipdexgpinetiding a ssfeciiotpinputaespohgvelel thy logltadireuit end haviing t he
clock signal by a kno time,increnent tq alter a ti a i ¢ e cl ock
i onal i o recer Byt BV aa R € RER arte Ouhretfted {qTRe Slcpr Bt ol 1 T4
wherein the | ogi gelgy eleit to tHelogiddines. a cl ock period when the sel ected
point indicates an edge of the clock signal. 22. The circuit device of
claim 21, wherein the logic circuit adjusts a frequency of an operating

cl ock based20nTRe gitduitic@iRs 8f BRINVEL Turthed @6PAdin£h 16Kk BEEY Sdmandolified to
determ ned clock period. 23. The circuit device of claim2l, wherein the

| ogi ¢ @nrepui of theldelsy shain toothifae cbifck aignaldyyer koivmgined inclentsastoditora tme at

di fferenc tween a.noninal, cl.oc eriod and the determ ned clock period.
24. A ﬁﬂﬁﬁHﬁgéﬁﬁb?ﬁgﬁHb@C?g%%qyfﬁgkﬁ‘@F@ck signal at a delay chain of a
circuit device; determning a |ocation of an edge of the clock signal

within the I chain to determ pe , L : .
9? e GrditteviZe © c|a1mnu1, wherein the logic circuit determines a clock period

when the selected point indicates an edge of the clock signal.

22. The circuit device of claim 21, wherein the logic circuit adjusts a frequency of an

operating clock based on a difference between a nominal clock period and the determined clock

period.

23. The circuit device of claim 21, wherein the logic circuit adjusts a voltage of an

operating clock based on a difference between a nominal clock period and the determined clock

period.

24. A method comprising:
receiving a clock signal at a delay chain of a circuit device;
determining a location of an edge of the clock signal within the delay chain to determine

a detected clock period of the clock signal, wherein locating the edge of the clock

signal comprises:
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a detected clock period of the clock signal, wherein |ocating the edge of
the clock signal conprises: 23 |atching a sanpled val ue of the clock
signal at a selected point of the delay chain, wherein the |atched sanpled
val ue corresponds to a value of the clock signal along the delay chain;
iteratively determining the value of the clock signal at the selected point
within the delay chain; adjusting the selected point until the val ue

i ndi cates an edge of the clock signal; applying a %erable dgla to the
clock signal at laching@icameledyaksr ehisiclock sisndict A 8elecipd pHpLAT the dfRealy ay
chai n; and compari ng \%k‘?eikﬂ%%écﬁ@ s%fn ﬁe{gevaﬁﬁé% rpoh €0 G Afe ot @bk th a

| ocati on of an edge of a nomnal ¢ 5C S|gnaT Jb determne a clock jitter
measur ement . 25. The sighhsidngthedkhi ohdd, wherein the sel ected point
conprises a point within the  delay chain related tgo a pom,nal . clock
period. 26. The SRS %ﬁterm"an&ﬁ@zr,alw8?{‘1‘?&500&56}%&%%?‘ﬁgﬁe@SWFrP8I“H’W§‘“a
frequency of an operat.i k based on the clock jitter neasurenent. 27.
The net hod of clain1§%%8%3¥9k§ﬁ conprising reducing a frequency of the
operating cl ockadjdneing theselebed point titdtherehsindinant aresdge ol thea!lqskstbdtler ni ned -

threshol d. 28. The nethod. | ai m 24, further c rising controlling a
vol tage of an op@Pﬁ‘?&ﬁvar&%&c I3y40 8 orkiSiena ‘T‘tc?cciorqﬂi({efaére %eﬁéﬁ?u@wr{f’. 29.
The met hod of claim ,inm%rfg{emew%gigl ldgng the vol tage conprises reducing
a voltage level of the operating clock when the clock jitter measurement
exceeds a t boreshinidhe lo&BionAf greades shihe diovk signal eothpr iositing: of e adge dfér
receiving a clock si circuit device; means for

| at d hai f..
| at chi ng a sanpl %‘H"‘\'/‘gllnﬁ%‘:k?f‘fgngl @geg%qmgl&aabcgchgmgf MERE L "4y chain, wherein

the |latched sanpl ed value corresponds to a value of the clock signal along
t he del ay al.n; and 24 neaps for .adjusting the sel ected .point. en the
| at ched sarr%?-elah‘?/‘ﬁf”ﬂ@d 8@@%‘”}18% whytsin éele%[ﬁgg‘aﬁtewg}p”ts?‘ﬁea E?'Etc‘ﬁ‘!a%‘f‘g%al . and

means f4opny ARR Y @ aifiRklchc{@kayd.t o the clock signal at a clock delay
el ement coupled to an input of the delay chain.

26. The method of claim 24, further comprising controlling a frequency of an operating

clock based on the clock jitter measurement.

27. The method of claim 26, further comprising reducing a frequency of the operating

clock when the clock jitter measurement exceeds a predetermined threshold.

28. The method of claim 24, further comprising controlling a voltage of an operating

clock based on the clock jitter measurement.

29. The method of claim 28, wherein controlling the voltage comprises reducing a

voltage level of the operating clock when the clock jitter measurement exceeds a threshold.

30. A processor device, comprising:

means for receiving a clock signal at a delay chain of a circuit device;

means for latching a sampled value at a selected point of the delay chain, wherein the
latched sampled value corresponds to a value of the clock signal along the delay

chain; and
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31. The device of claim 30, further conprising neans for determning a
shortest clock period when the |atched sanpled val ue indicates an edge of
the clock signal and for determining ajitter value based on a difference
bet ween the shortest clock period and a nom nal clock period. 32. The
device of claim 31, further conprising neans for controlling a frequency of
an operating clock based on the jitter value. 33. The device of claim 31,
further conprising neans for controlling a voltage of an operating clock
based on t hgehistfbedd)vsting he sdtected POint GME the Otcldd ahmipled Falualdeéeion ildi@taTeans
for adjusting the selected point conprises a logic circuit. 25
an edge of the clock signal; an
means for applying a variable delay to the clock signal at a clock delay element coupled

to an input of the delay chain.

31. The device of claim 30, further comprising means for determining a shortest clock
period when the latched sampled value indicates an edge of the clock signal and for determining

a jitter value based on a difference between the shortest clock period and a nominal clock period.

32. The device of claim 31, further comprising means for controlling a frequency of an

operating clock based on the jitter value.

33. The device of claim 31, further comprising means for controlling a voltage of an

operating clock based on the jitter value.

34. The device of claim' 30, wherein the means for adjusting the selected point comprises

a logic circuit.
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